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Precocious Diphoton Signals of the Little Radion at Hadron Colliders
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Department of Physics, Brookhaven National Laboratory, Upton, NY 11973, USA
In Little Randall-Sundrum models, the bulk couplings of the radion to massless gauge fields can
yield a greatly enhanced diphoton signal at hadron colliders. We examine the implications of the
Tevatron data for the Little radion and also show that the 7 TeV run at the Large Hadron Collider
will have an impressive reach in this channel. The diphoton signal is crucial in the search for a light
radion, or the dual dilaton, and can potentially probe the ultraviolet scale of the theory.
Introduction: The 5D Randall-Sundrum (RS) model
was initially proposed to explain the hierarchy between
the 4D Planck mass M¯P ∼ 1018 GeV and the weak scale
∼ 100 GeV [1]. The necessary stabilization of the RS
compact dimension [2] gives rise to a scalar, the radion
φ, with couplings governed by the warped-down gravity
scale [3]. Typically, φ is the lightest RS state [3] and
could provide one of the first glimpses of physics beyond
the Standard Model (SM). Placing the SM gauge fields
[4, 5] and fermions [6] in the 5D RS bulk can result in an
appealing framework for explaining the hierarchy and fla-
vor puzzles simultaneously [6, 7]. In these models, myr-
iad new resonances, the Kaluza-Klein (KK) excitations
of the 5D fields, appear at the TeV scale [8]. However,
discovery of such states would not immediately establish
that the underlying RS model has an ultraviolet (UV)
cutoff scale near M¯P; such a strong assumption would
need experimental verification. In fact, viewed primarily
as a natural framework for describing SM flavor, the RS
background may be governed by a UV scale far below M¯P
[9]. In such volume-truncated “Little Randall-Sundrum
(LRS)” models, some constraints can be alleviated and
various KK signals can be markedly enhanced [9–11].
The tree-level couplings of the original RS radion were
proportional to particle masses [3, 12, 13]. However, bulk
fields have additional radion couplings; in particular, the
massless gluon g and the photon γ can couple to φ at
the tree level [14, 15], with a strength inversely propor-
tional to the volume of the extra dimension. Hence, the
diphoton signal for φ can be significantly enhanced in
volume-truncated LRS models [16]. The clean diphoton
signal provides the most important search mode for the
radion, below the WW threshold, and even above the
WW threshold the enhanced diphoton branching frac-
tion can provide a diagnostic handle to distinguish LRS
models from other new physics scenarios. For example,
note that, while the gluon-fusion production of the Higgs
boson with four SM generations can be enhanced by a fac-
tor of ∼ 10, the corresponding diphoton branching frac-
tion is actually reduced from the three-generation value
to well below 10−3 [17]. The sensitivity of the diphoton
signal to the 5D volume can potentially yield informa-
tion about the UV regime of the theory. Also, the φγγ
coupling is largely insensitive to the content of the model
above the radion mass mφ and much of our analysis can
be applied to models with extended gauge symmetries
[18]. Given these considerations, we focus in this work
on the diphoton signal for the Little radion at hadron col-
liders. We will examine Little radion phenomenology at
the Tevatron and also show that the early 7 TeV run at
the Large Hadron Collider (LHC) has a significant reach
for interesting values of parameters.
Formalism and setup: The RS background is a slice
of 5D anti-de Sitter (AdS) spacetime with the metric
ds2 = e−kyηµνdx
µdxν − dy2 [1], where k is the curvature
scale, typically assumed smaller than the 5D fundamen-
tal scale M5. The compact dimension y is bounded by
UV and infrared (IR) branes at y = 0, L, respectively.
We will assume that electroweak symmetry is broken by
an IR-brane-localized Higgs doublet. In principle, there
can be other operators, such as kinetic terms, localized
on the branes. However, for simplicity, we ignore such
terms; this assumption can be justified since these oper-
ators naturally arise as counterterms for regulating bulk
quantum loops [19] and can be expected to have small
coefficients. The RS framework for SM flavor is based
on the localization of bulk fermion zero modes along y,
towards or away from the IR-localized Higgs. The local-
ization of a bulk fermion Ψ depends on its 5D mass mΨ,
often parameterized by cΨ ≡ mΨ/k.
The radion is associated with the quantum fluctua-
tions in the size L of the fifth dimension. The cou-
plings of φ to the trace of the energy-momentum tensor
are suppressed by the scale Λφ ≡ λ
√
6M35/k [3], where
λ ≡ e−kL. We now briefly review the radion interactions
with bulk fields, detailed in Ref. [15]. The coupling of φ
to SM vector field V (i), i =W,Z, of mass mi is given by
LV = − φ
Λφ
∑
i
ai
[
µ2i V
(i)
µ V
(i)µ +
1
4 kL
V (i)µν V
(i)µν
]
,
(1)
where Vµν ≡ ∂µVν − ∂νVµ, aW = 2, aZ = 1, and
µ2i = m
2
i
[
1− kL
2
(
mi
k˜
)2]
. (2)
Here, k˜ ≡ kλ sets the scale of the lightest KK masses and
corrections to LV are suppressed by powers of m2i /k˜2.
A massless gauge field Aµ couples to φ via
LA = − φ
4Λφ kL
[
1 +
αG
2π
bG kL
]
FµνF
µν , (3)
where bG denotes the 1-loop β-function coefficient below
mφ/2 and Fµν ≡ ∂µAν−∂νAµ. In this work, the relevant
gauge fields are γ (G = EM) and g (G = QCD). We have
bEM = b2 + bY − FW − 4
3
Ft, (4)
with b2 = 19/6, bY = −41/6. To a good approximation,
FW = 7 for mφ < 2mW , Ft = −4/3 for mφ < 2mt, and
both functions are zero when φ is heavier than twice the
mass of the respective particle. For gluons,
bQCD = 11− 2
3
NF , (5)
where NF is the number of quark flavors.
The coupling of φ to SM fermion f of massmf depends
on its bulk profile parameters cL,R, corresponding to the
left and right 4D chiralities, respectively [15, 20]:
− φ
Λφ
mf [I(cL) + I(cR)] (f¯LfR + f¯RfL), (6)
where
I(c) ≡ 1− 2c
2 (1− λ1−2c) + c . (7)
In our convention, fermions with cL,R > 1/2 have UV-
localized zero modes.
Finally, the coupling of the radion to a brane-localized
Higgs scalar is given by [12]
− φ
Λφ
(−∂µh∂µh+ 2m2h h2), (8)
where h is the physical Higgs of mass mh. We will next
discuss the relevant LRS parameters for our analysis.
Let us begin with mφ, which depends on the radius
stabilization potential. For concreteness and as a guide
for our phenomenological study, we will consider the
Goldberger-Wise (GW) mechanism [2, 3], where a bulk
scalar Φ of mass m with brane-localized potentials is
introduced. Let us denote the 5D vacuum expectation
value of Φ on the UV and the IR branes by v0 and vL
(with mass dimension 3/2), respectively. Then, one can
show that the stabilized radius L is given by [2, 3]
kL = ǫ−1 ln(v0/vL), (9)
where ǫ ≡ m2/(4k2) and
m2φ =
v2L
3M35
ǫ2k˜2. (10)
To simplify our treatment, we henceforth set k = M5
which implies Λφ =
√
6 k˜. Also, since v0 and vL are 5D
parameters, it is reasonable to assume that v0,L ∼ k3/2
and ln(v0/vL) ∼ 1, which yields ǫ ∼ (kL)−1, from Eq.(9).
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FIG. 1: Little radion branching fractions, for kL = 7 and
Λφ = 3 TeV.
Using Eq.(10), we then get mφ ∼ k˜/(kL). Various con-
straints suggest k˜ >∼ 1 TeV [18]. Here, we will typ-
ically assume kL ∼ 7, as a lower bound for realistic
models of flavor allowed by precision data [21]. Hence,
mφ ∼ 100 GeV is a reasonable choice, which we will
adopt for the Little radion in this work. For definite-
ness, we will set kL = 7 and use the LRS fermion profiles
presented in Ref. [21].
Results: Various branching fractions of the Little ra-
dion, over a wide range of mφ, for Λφ = 3 TeV, are
presented in Fig. 1. Contributions from fermions lighter
than the charm quark are ignored in our analysis. For
definiteness, we assume mh = 150 GeV in this work, un-
less otherwise specified.
The qualitative features in Fig. 1 are similar to those
in the conventional bulk-field scenarios [15, 22]. How-
ever, we note that the γγ branching fraction is ∼ 1%,
enhanced by about an order of magnitude compared to
the conventional prediction. This is due to the larger
tree-level φγγ coupling (inversely proportional to kL) in
our LRS setup.
Note also that the width Γφ of φ, which approximately
scales as Λ−2φ , is quite narrow: Γφ ≈ 0.4 MeV (1.1 GeV)
for Λφ = 3 TeV and mφ = 100 (600) GeV. For compar-
ison, the SM Higgs width is Γh ≈ 2.5 MeV (123 GeV),
for mh = 100 (600) GeV [23].
At hadron colliders, our signal process is gg → φ→ γγ,
whose main background is SM diphoton production. To
compute this background, we use DIPHOX [24], which
includes the partonic subprocess qq¯ → γγ through next-
to-leading order, as well as gg → γγ, which is formally
next-to-next-to-leading order but numerically significant.
We neglect the interference of the latter with the signal
process and note that its analog in the case of Higgs
production has been shown to be small [25, 26]. We use
the CUBA library [27] in the computation of the signal,
and the CTEQ6M parton distribution functions [28] for
both signal and background.
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The collider reach for the LRS radion φ, in the dipho-
ton channel, is presented in Fig. 2. Here, the lower curves
correspond to the 2σ reach of Run II at the Tevatron with
5 fb−1 (solid) and 10 fb−1 (dashed). We have assumed a
70% efficiency for photon identification [29, 30]. We im-
pose cuts of pT > 25 GeV and |η| < 1.1 on the transverse
momentum pT and rapidity η of each photon, following
Refs. [29, 31]. We require the two photons to be separated
from one another by ∆R ≡
√
(∆ϕ)2 + (∆η)2 > 0.4 (ϕ is
the azimuthal angle), and that the total hadronic trans-
verse energy within a cone of radius ∆R = 0.4 around
each photon be less than 10 GeV. Finally, we impose
an invariant mass cut, requiring |mγγ −mφ| < 10 GeV.
At the 2σ level of significance, the Tevatron can probe
Λφ ≈ 1 TeV and mφ <∼ 300 GeV, as well as mφ ≈
100 GeV and Λφ <∼ 2.5 TeV, in the γγ channel. Cur-
rently, the CDF collaboration reports an excess of ∼ 10
events above the SM background for mγγ ≈ 200 GeV
with 5.4 fb−1 [29]. We find that the Little radion with
kL ≈ 7 can potentially produce this level of excess for
Λφ ≈ 1 TeV at mφ ≈ 200 GeV. Again with 5.4 fb−1,
the D0 collaboration finds a 2.3σ deviation from back-
ground at mγγ ≈ 450 GeV [31]. A Little radion signal
at this level would require kL ≈ 7 and Λφ < 500 GeV,
which is not easily accommodated in typical warped fla-
vor models. Apart from these two anomalies, one may
consider the parameter space below the 5 fb−1 contour
to be disfavored, based on the current Tevatron data.
We now examine the diphoton signal of the Little ra-
dion at the LHC, assuming a photon identification effi-
ciency of 80% [32]. We apply the cuts pT > 30 GeV
and |η| < 2.4, similar to those used for Higgs searches
in Ref. [33], and the same isolation and invariant mass
cuts as above. The middle curves in Fig. 2 represent the
5σ (solid) and 3σ (dotted) contours for the LHC with√
s = 7 TeV and 1 fb−1, corresponding to the planned
early run. We see that the 5σ reach is bracketed by
[mφ ≈ 100 GeV, Λφ ≈ 3 TeV] and [mφ ≈ 300 GeV,
Λφ ≈ 1 TeV]. Thus, the diphoton signal of the Little ra-
dion can be conclusively detected during the early LHC
run, over a wide range of parameters for realistic LRS
models of flavor. The uppermost curve in Fig. 2 marks
the 5σ reach at the LHC with
√
s = 14 TeV and 1 fb−1,
extending to Λφ >∼ 2 TeV for mφ <∼ 300 GeV.
Duality: The AdS/Conformal Field Theory correspon-
dence [34] suggests that a 5D warped model is dual to
a 4D theory with a conformal symmetry, dynamically
emerging below a scale ∼ k and spontaneously broken at
a scale ∼ k˜. The geometric boundaries are then identi-
fied with the the UV and IR scales of the 4D dynamics
[35]. This holographic picture implies that φ is dual to
a dilaton arising from the spontaneous breaking of con-
formal symmetry at the IR scale, and can be expected
to be light; some recent work on various aspects of light
dilaton physics can be found in Refs. [36–38].
The phenomenology of the radion and that of the dila-
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FIG. 2: Reach in the γγ channel for (mφ,Λφ), with kL =
7. The lower curves are the 2σ contours for the Tevatron
with 5 fb−1 (solid) and 10 fb−1 (dashed). The middle curves
represent the 5σ (solid) and 3σ (dotted) contours for the LHC
with
√
s = 7 TeV and 1 fb−1. The uppermost contour marks
the 5σ reach at the LHC with
√
s = 14 TeV and 1 fb−1.
ton are qualitatively very similar. However, 5D warped
models represent a specific realization of 4D dynamics,
giving rise to features that are absent in general discus-
sions. In particular, tree-level couplings of φ to mass-
less gauge fields, proportional to 1/(kL) [see Eq. (3)], do
not have counterparts among the dilaton couplings from
Refs. [36, 37]. This can be understood by noting that the
absence of a UV cutoff for the 4D conformal dynamics
implies kL→∞, which removes the tree-level couplings
[39]. Hence, a truncated LRS volume corresponds to a
reduced conformal depth beyond the weak scale for the
4D dynamics. Then, to see the enhanced coupling of the
Little dilaton to massless gauge fields, one presumably
needs to include the effects of a 4D UV cutoff, below
which the theory flows to conformal dynamics.
Diagnostics: Within our framework, a diphoton sig-
nal similar to those discussed here would favor the LRS
version of warped models. In addition, Eq. (1) implies
that, for mφ <∼ 400 GeV, the branching fractions into
massive vectors are dominated by the IR-brane-localized
couplings of φ proportional to m2W,Z . Thus, for a wide
range of mφ >∼ 2mW , one can extract an estimate of kL,
by comparing the cross sections in the γγ,WW , and ZZ
channels. This information will provide more direct ev-
idence that the relevant warped scenario is of the LRS
type, with a UV scale far below M¯P. In the 4D dual
description, this hints at the UV scale where conformal
3
behavior emerges. Further confirmation of this picture
can be obtained by detecting clean LRS signals associ-
ated with the TeV-scale resonances (KK modes) [9, 10],
perhaps at later experimental stages.
Conclusions: In this work, we examined the clean
diphoton signal of the radion in Little Randall-Sundrum
models, at hadron colliders. These volume-truncated
models explain SM flavor in a geometric fashion, and
maintain a hierarchy between the weak scale and a large
sub-Planckian scale. We considered a UV scale of order
a few thousand TeV, corresponding to kL = 7, for viable
models of flavor. The enhanced couplings of the Little ra-
dion in this framework afford a much larger diphoton sig-
nal at the Tevatron and the LHC. We commented on the
implied bounds and potential LRS candidates for some of
the observed anomalies, based on current Tevatron data.
The initial 7 TeV run at the LHC can decisively detect
the diphoton signal of the Little radion, over a wide range
of parameters, with 1 fb−1 of integrated luminosity. The
sensitive dependence of this radion signal on the LRS vol-
ume can potentially yield information on the underlying
UV cutoff scale of the model, early on. In a dual 4D de-
scription, this can be interpreted as information on the
UV scale where the dynamics becomes conformal.
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Note added: In an earlier version of this work, the
branching fractions for WW and ZZ, plotted as a func-
tion of mφ in Fig. 1, sharply decreased near certain
mφ values, due to an error in our computation of these
curves. We have corrected this error in the current
version; our results now agree with those presented in
Ref. [40]. We have also implemented the appropriate
changes in Fig. 2 and parts of the text. An erratum re-
flecting the aforementioned corrections will be prepared
for the published version of this paper [41]. Our main
conclusions about the enhanced diphoton signals of the
Little radion remain qualitatively the same and quanti-
tatively similar to the previous results.
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